An efficient protocol for the in vitro propagation of Magnolia dealbata Zucc., an important medicinal plant that is the source of the anxiolytic and anticancer compounds honokiol and magnolol, was established. This plant is wild-crafted, and conservationists have expressed concerns with regard to the sustainability of production. In the present work, two factors were found to be of importance for the regeneration of M. dealbata and the production of honokiol and magnolol. These factors were the type of explants and the combination and concentration of plant-growth regulators. Green, compact, nodular organogenic callus was obtained from leaf explants in a medium fortified with Murashige and Skoog salts and supplemented with 1.5 mg/L 2,4-dicholorophenoxyacetic acid and 1.5 mg/L kinetin. Shoot multiplication from callus cultures was achieved in the Murashige and Skoog (MS) medium with 1.5 mg/L thidiazuron (TDZ). Phenol secretion was controlled by the addition of 250 mg/L of activated charcoal. For rooting, shoots were transferred to MS medium supplemented with several auxins. After root induction, the plants were hardened in earthen pots containing sand, soil, and vermiculite. The contents of honokiol (HK) and magnolol (MG) were determined in different plant materials by high-performance liquid chromatography-diode-array detection techniques. This analysis revealed that the honokiol and magnolol content in aerial and underground parts of micropropagated M. dealbata were higher than that observed in wild plants (both 6 months old). Our results suggest that conservation of M. dealbata is possible by means of in vitro multiplication of leaf-derived callus. The usefulness of M. dealbata regeneration and production of HK and MG may be attributed to the proper selection of explant sourcing and identification of the correct growth medium to support adequate growth. This careful selection of explants and growth medium leads to a very useful source of plant material for pharmacological and phytomedicinal screening applications and, above all, would safeguard this plant species from the threat of extinction.
above sea level [1] . This species is not very well known and was considered extinct until 1977, when it was rediscovered [2] . At present, M. dealbata is included on the Red List [3] and is endangered as a result of forest degradation, agricultural encroachment, and urbanization, among other factors [4] .
M. dealbata is a plant with a history of use in Mexico by humans as an ornamental and in traditional medicine as a tranquilizer and to treat epilepsy [5] . The pharmacological effects of M. dealbata with regards to ambulatory activity were tested in experimental models, and diminution in the anxiety response was observed. This diminution in anxiety also hindered the presence of tonic seizures and avoided mortality. In addition, the pharmaceutically valuable secondary metabolites, honokiol (HK) and magnolol (MG) (see Figure 1 ), have been extracted from the leaves and bark of this species [6] . HK and MG are two important neolignans that have been identified as anxiolytic agents with central depressant action at much lower doses than diazepam and without inducing physical dependence, central depression, or amnesia at doses eliciting the anxiolytic effect [7, 8] .
The neuroprotective effects of HK and MG may be related to their anti-oxidative actions, suggesting that both compounds may be potential therapeutic agents for neurodegenerative diseases [9, 10] . HK is a novel antitumor agent that could induce apoptosis and inhibit the growth of several tumor cell lines [11] . HK may augment the induction of apoptosis in 4T1 cells in vitro and in vivo, and this combined treatment with taxol has shown synergistic suppression of breast tumor progression [12] . It has been shown that MG suppresses lung metastasis and primary tumor growth, as well as significantly inhibiting melanoma cell invasion, without affecting cell growth [13] .
M. dealbata is a natural source of HK and MG, as we reported in a previous work where we compared the production of the metabolites in wild M. dealbata trees and in suspension cultures of this species (14) . The results were very encouraging, but the fact that M. dealbata is a species in danger of extinction, is of grave concern. Thus, for future use, there is a strong need for proactively understanding the conservation, cultivation, and sustainable usage of this important medicinal plant species.
Tissue culture techniques have been reported for the conservation and propagation of several endangered medicinal plants, such as clonal propagation and germoplasm preservation [15] . These techniques may rapidly increase the number of M. dealbata propagules for cultivation, as well as aid in the replacement of natural populations and in future large-scale plant tissue culture. Micropropagation could be an attractive alternative approach to traditional methods of plantation because it offers a controlled supply of plant biochemicals that is independent of the M. dealbata trees and of a more consistent product quality [16, 17] .
Genetically homogenous plants with uniform content of secondary metabolites could be obtained by in vitro propagation of selected, elite plants [18] .
There are some reports on in vitro culture of a few species of Magnolia that include the following: in vitro germination and organogenesis of M. grandiflora and M. soulangiana [19] [20] [21] ; organogenesis of M. soluangeana [22] , M. virginiana, M. fraseri, and M. acuminata [23] ; successful induction of multiple shoots by shoot apex culture, but without detection and/or quantification of the HK and MG production of M. macrophylla, M. pyramidata [24] , and M. obovata [25] . However, only one study on M. dealbata has been conducted through somatic embryogenesis, and although good results with regards to survival were observed (90%), the results were unaccompanied by studies concerning the production of HK and MG and the culture conditions [26] .
In view of the potential pharmacological benefit of M. dealbata and the fact that it has been exploited to the point of extinction, the objective of the present work was to define experimental conditions for organogenesis and plant regeneration from different tissue-derived callus explants, which can be utilized to genetically transform M. dealbata, create variation, and to multiply M. dealbata plants in vitro.
In this study, we report on the culture conditions, type of explants, combinations and concentrations of plant-growth regulators (PGRs), and the modes of regeneration and acclimatization that allow for highefficiency whole-plant regeneration. Of additional importance, we conducted a comparison of the HK and MG content of wild plants with that of the callusderived plants.
Establishment of in vitro cultures utilizing plant preservative mixture solution biocide (PPM, Plant
Cell Technology, Inc., Washington, D.C., USA) in the M. dealbata medium was rapid, and bacterial contamination was observed in only 35% of primary cultures. The decreased bacterial contamination in our studies may be attributed to careful excision and surface sterilization of newly emerging shoots with PPM and to repeated surface sterilization of the original explants. Cotyledons, hypocotyls, epicotyls, and immature leaves were collected because the germination rate of the seeds is relatively low (ca. 10%). Ten days after culture, callusing was observed on all explants. Hypocotyl, epicotyl, and cotyledon explants demonstrated very poor callus induction, giving rise to yellowish compact and brownish nodular calli, induced after 20 days of culture. Immature leaf explants exhibited the best callus induction.
Explants of leaf tissues cultured in MS medium with several levels of 2,4-dicholorophenoxyacetic acid (2,4-D) and kinetin (KIN) induced callus formation and proliferation that initiated within 15-25 days. Callusing was noted at the cut ends because the explants began to exhibit whorl. After a few days of initiation, the entire set of explants continued to enlarge and subsequently became a mass of cells. The rate of callus induction varied depending on the combination of PGRs applied. Cell growth was maximal in MS media supplemented with 1.5 mg/L 2,4-D, and 1.5 mg/L KIN (Table 1) .
During multiple shoot proliferation from callus cultures, severe browning of the callus was noted. Previous studies have shown that the addition of certain additives could control callus and tissues browning [27] . We evaluated three additives to control the phenolic oxidation, and we observed that activated charcoal (250 mg/L) supplementation was the best, showing no phenol compounds present.
Two-month-old calli were further subcultured in MS media, supplemented with various concentrations of cytokinins for organogenesis ( Table 2) . Shoot regeneration and proliferation were better in MS media with 1.5 mg/L thidiazuron (TDZ) than in the other media containing either 2-isopentyl adenine (2iP), KIN, or N 6 -benzyladenine (BA), having 32.8 shoots, which is equivalent to 96% of shoots per culture. TDZ at concentrations >2 mg/L resulted in suppressed shoot formation.
Rooting induction was observed in the tested media supplemented with indole-3-acetic-acid (IAA), indole-3-butyric-acid (IBA), and α-naphthaleneacetic acid (NAA). The medium containing 0.5 mg/L IAA produced the most roots per culture. Rooted plants were established in soil media in a culture chamber with 100% success.
For quantitative analysis, the peak areas were used to calculate the amount of HK and MG present in the different plant materials (Table 3) as compared with a standard. Identification of HK and MG was made on the basis of their ultraviolet (UV) absorption spectra and retention times (RTs). Table 3 depicts the content of HK and MG in the roots and leaves of 6-month-old plants, as determined by HPLC-DAD.
Platelets in the MS medium supplemented with 1.0 mg/L IAA showed the highest HK and MG content in the leaves and roots (see Table 3 ). When the HK and MG contents of the in vitro plantlets were compared with those of the mother plants (also aged 6 months), the in vitro culture exhibited a slightly higher yield than the mother plants. Variations in the contents of HK and MG from the different plant materials were observed. The contents in the leaves of the wild growing plants were 7 mg/g dry weight (DW) MG and 3.5 mg/g DW for HK, while the in vitro platelet content in leaves was 3.2 mg/g DW HK and 3.9 mg/g DW MG. In the roots, the results for the wild growing plants were 3.1 mg/g DW HK and 3.8 mg/g DW MG, while in the in vitro plants, the contents in roots were 3.8 mg/g HK and 4.1 mg/g MG. While there were no statistically significant differences (p <0.05) between the amount of HK and MG in the in vitro plants versus wild plants, but it has been widely reported that in vitro propagated plants of many species exhibit less variation in secondarymetabolite content than their wild/cultivated counterparts [28, 29] . In this case, the content of HK and MG was slightly higher in the original plants.
The results of our work demonstrate that leaf tissue of M. dealbata is an adequate source for adventitious shoot organogenesis and that it provides a regeneration method that employs a convenient and abundant tissue source. The protocol was optimized by manipulation of different explants, PGRs, and additives for enhanced multiplication. This regeneration technique will facilitate the application of biotechnology for the further study and improvement of this medicinal plant species. In addition, it could be utilized for somaclonal variation induction and for producing transgenic plants in M. dealbata by means of Agrobacterium and biolistic methods.
The usefulness of M. dealbata regeneration for the production of HK and MG may be attributed to the proper selection of explant sourcing and identification of the correct growth medium to support competence. The proper explants and growth medium would lead to a very useful source of plant material for pharmacological and phytomedicinal screening applications, and, above all, would safeguard this species from the risk of extinction.
Experimental
Plant material and sterilization procedure: M. dealbata plants were collected from a mountainous area (altitude, ca. 1,400-2,000 m) of Jalapa, Veracruz, Mexico. The botanical identification and authentication was conducted in concert with the Jardín Botánico Francisco Javier Clavijero of the Instituto de Ecología, A.C. (INECOL). A voucher specimen (no. 12,520) was deposited at the INECOL for future reference. Cotyledons, hypocotyls, epicotyls, and immature leaves (5 mm in length) were utilized as explants and were surface-sterilized by gently placing the plant material into the washing vessel (1 L) containing a solution of deionized water with the detergent Extran 5% (v/v) (Labo, Clean, Inc., Puebla, Pue., México) for 5-10 min. After this initial wash, whole explants were disinfected with 70% ethanol for 1 min, followed by 3% (w/v) commercial bleach (containing 1% sodium hypochlorite) with occasional agitation. Then the explants were washed three times with sterile water for 10 min each, under aseptic conditions in a laminar flow hood. Afterwards, the leaves were washed in a 6% PPM (Plant Preservative Mixture, Plant Cell Technology, Inc.) solution (v/v) for 8 min in a laminar flow hood.
Culture media and incubation conditions:
All explants were cultured horizontally in a callus-initiation medium consisting of full-strength MS medium [30] supplemented with 3% sucrose (analytical grade) and 100 mg/L myo-inositol. This medium was supplemented with different combinations of 2,4-D (0-2.0 mg/L) and KIN (0.5-2.0 mg/L) ( Table 1) and solidified with a 0.26% Phytagel® (Sigma-Aldrich, Ltd.). The pH was adjusted to 5.7, and the medium was autoclaved at 1 kg.cm -2 for 15 min at 120ºC. Callus cultures were maintained in glass vessels in a growth-room culture at 21 ± 2ºC with 16 h light (25 μM/min -2 /sec -1 )/8 h dark daily photoperiods by means of Ecolux tubes (General Electric, USA). Subculturing in fresh medium was conducted every 2 weeks. After 8 weeks of culture, the callus formation was observed from the cut end of the explants.
Adventitious shoot induction and proliferation:
Organogenic callus was transferred at 8 weeks of age to 20 mL MS media containing different concentrations of cytokinins, such as BA, 2 iP, KIN, and TDZ (See Table  2 ). Multiple shoots were noted after 15 days, and subculturing was performed every 30 days.
During plant regeneration of M. dealbata, browning of explants as well as of the medium was observed. To withstand phenolic exudation, different concentrations of activated charcoal (100-300 mg.L -1 ), polyvinylpyrrolidone (PVP) (10-30 mg.L -1 ), and ascorbic acid (10-30 mg.L -1 ) were utilized.
Root induction and hardening:
Shoots were transferred to rooting medium consisting of MS salts and supplemented with IAA, IBA, or NAA at two different concentrations (see Table 3 ). After complete regeneration of shoots with tertiary roots (40-50 days after root induction), the regenerated plants were transferred to plastic pots containing sand, soil, and vermiculite at a 1:1:1 ratio for hardening in the incubator chamber (Barnstead, Lab-Line). For the root induction studies, 100 elongated shoots were tested for each concentration. The experiments were repeated 3 times with 6 replicates. The relative humidity (90%) conditions for hardening were optimized by covering the plants with plastic bags for 1½ weeks, which helped with plant adaptation to the normal environmental conditions.
The regenerated plants that were adapted to normal environmental conditions were transferred to earthenware pots for further growth and development.
Extraction and quantitative analysis of HK and MG:
The aerial and underground parts of wild mother plants (approximately 30 years old) and micropropagated plants of M. dealbata at 6 months of age were carefully cleaned. Then, the dried aerial and underground parts (500 mg) of different plant material (Table 3) were finely ground with a mortar and pestle and extracted as described by Gutiérrez [31] . Detection and quantification of HK and MG was performed by the reversed-phase HPLC method described by Tsai and Chen [32] using a Waters 2795 (Waters Corp., Milford, MA, USA) instrument equipped with an autosampler and a 996 photodiode array detector. Maximum detection wavelengths were 254 nm for HK with Rt = 8.8 min and 290 nm for MG (Rt = 12.2 min). Rts and the UV spectra of HK and MG peaks from cell cultures were compared with those of authentic HK (98% purity) and MG (95% purity) (Nacalai Tesque, Inc., Kyoto, Japan) samples. HK and MG (10 mg each) were individually dissolved in methanol, diluted step-wise, and 5, 10, and 15 μL of each were injected into the HPLC 3 times. Calibration plots were obtained by measuring the respective peak areas. SPSS ver. 9.0 for Windows, 1998, was employed to perform all statistical analyses of growth and HK and MG contents of the tested media and utilized the ANOVA procedure and Student t test for the mean separation [33] .
